Solvent-free Friedländer condensation of 1,4-cyclohexadione with 2-aminobenzophenone led to the formation of 13,14-diphenyl-6,7-dihydrodibenzo [b,j][4,7]phenanthroline as single product. The crystal structure of 13,14-diphenyl-6,7-dihydrodibenzo [b,j][4,7]phenanthroline is determined using X-ray single crystal technique which reveals that it crystallises by the formation of network lattices that involve only weak assembly interactions.
Introduction
Since chemical industries are causing maximum pollution to the environment, Green Chemistry has attracted chemists to develop and discover new solvent-free approaches for eco-friendly synthesis of many existing as well as new compounds in an efficient way. [1] Synthesis and design of new solid compounds are of great interest to researchers due to their wide importance and applications in supramolecular chemistry and crystal engineering. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] Our research group has been interested in developing and synthesizing different types of solid molecules with different functionalities and shapes, and testing their ability to act either as host or apohost compounds. [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] Herein, we report the selective solvent-free Friedländer synthesis, the crystal structure and the supramolecularity of 13,14-diphenyl-6,7-dihydrodibenzo[b,j] [4, 7] phenanthroline 6 (Scheme 1).
Experimental

Single-Crystal X-Ray Data Collection and Structure Determination
X-ray quality crystals of compound 6 (Scheme 1) were obtained by dissolving 30 mg of 6 in 1 mL of ethanol. Slow evaporation of the resulted solution led to X-ray quality crystals. Single crystal X-ray diffraction data were collected on a Bruker SMART APEX 1000 diffractometer equipped with a CCD detector and Mo-K α sealed tube at 295(2) K. SMART [26] was used for collecting frame data, indexing reflection and for the determination of lattice parameters. SAINT [26] was used for the integration of intensity of reflections and scaling. SADABS [27] was used for adsorption correction and SHELXTL [28] was used for space group, structure determination and least-square refinements on F
2
. All hydrogen atoms were placed in calculated positions for the purpose of structure factor calculations. All nonhydrogen atoms were refined anisotropically, [28] and all hydrogen atoms were included in calculated positions with isotropic thermal motion linked to that of the bonded atom. The numerical details, data processing and refinement of the X-ray structure of compound 6 are listed in Table 1 (CCDC number: 986976). 
Materials and Physical Measurements
All chemicals and reagents were commercially available and used as 
Preparation of the 13,14-diphenyl-6,7-dihydrodibenzo[b,j][4,7]phenanthroline 6
Selective and clean solvent-free synthesis of compound 6 was achieved by using a modified solvent-free procedure that was published by Wang et al. [29] 
Results and Discussion
Preparation of the 13,14-diphenyl-6,7-dihydrodibenzo[b,j][4,7]phenanthroline 6
Phenanthroline derivative 6 was prepared through a solvent-free Friedländer condensation [29] between 2-aminobenzophenone 1 and 1,4-cyclohexadione 2 in presence of catalytic amount of solid p-toluenesulfonic acid (ca. 5%). Carbonyl groups of compound 2 can be enolized in two alternative directions as outlined in Scheme 1;
the isomeric Friedländer products 6 and 7 are both potential products. However, we were unable to detect the presence of the isomeric Friedländer product 7; instead, only compound 6 was detected and isolated. Based on the literature precedent, this outcome was not expected. Aguado et al. [30] modified Friedländer procedure to condense bicyclo[3.3.1]nonane-3,7-dione with 2-aminobenzonitrile derivative and the resulted reaction mixture gave substantial proportions of both cyclization products. In our current study, p-toluenesulfonic acid enhances the tautomerization of substructure 3 to isomeric enols 4 and 5. The enol isomer 4 is favored over the alternative enol isomer 5 since the enol double bond is conjugated with the quinoline ring of substructure 4. Furthermore, substructure enol 4 condenses with a second molecule of 2-aminobenzophenone to produce the highly conjugated and more stable isomer 6.
Similar observations have been rationalized in our related cases. For example, base catalyzed Friedländer condensation of bicycle[3.3.1]nonane-3,7-dione with 2-amino-benzaldehyde and 2-aminoacetophenone in methanol and ethanol, respectively was found to yield only one isomeric Friedländer product. [15, 31] X-ray analysis of the 13,14-diphenyl-6,7-dihydrodibenzo[b,j] [4, 7] phenanthroline 6
Crystallization of the isomeric Friedländer product 6 from ethanol produced transparent crystals of solvent-free compound 6 in a monoclinic system with P2(1)/n space group with crystal habit of rectangular plate. The asymmetric unit contains four molecules of compound 6; selected bond distances and angles for compound 6 are listed in table 2. The molecular structure of compound 6 including thermal displacement ellipses with 50% probability and the atom-labeled wireframe representation are illustrated in figures 1 and 2, respectively. 
117.40 ( with longer contact distances (3.462 and 3.388 Å as illustrated in figure 5 ).
Furthermore, a nitrogen atom of molecule 6 (N1) is linked with another molecule of 6 through an aromatic hydrogen (H14) with a contact distance of 2.997 Å (Figure 6 ), the crystal packing of compound 6 is illustrated in figure 7 . Crystal packing of compound 6; all hydrogen atoms were omitted for clarity.
Conclusions
Chemists have been attracted to develop practical approaches to prepare compounds with low environment-damage cost. In this paper, a solvent-free route was used to successfully and selectively prepare 13,14-diphenyl-6,7-dihydrodibenzo[b,j] [4, 7] phenanthroline 6, although two isomeric Friedländer products 6 and 7
were potential products. The crystal structure of compound 6 was determined, analyzed and presented in terms of crystal engineering and supramolecular chemistry.
Different motifs of nitrogen-hydrogen interactions were adopted by the crystal packing of compound 6.
